Conclusions: Subclinical brain white matter involvement is frequent in CAH. This might be due to hormonal imbalance during brain development or corticosteroid treatments. Our study findings indicate that a relationship with demyelinating diseases can also be suggested. Diagnosis of CAH should be suspected in young subjects with brain MRI white matter abnormalities that are not otherwise explicable.
Arch Neurol. 2006; 63:413-416 C ONGENITAL ADRENAL hyperplasia (CAH) is an autosomal recessive disease, characterized by 21␤-hydroxylase deficiency. The considerable cascade of hormonal modificationsproducedby21␤-hydroxylase deficiency, such as underproduction of cortisol and aldosterone, as well as overproduction of corticotropin, 17-hydroxyprogesterone, and androgens, could represent a noxious environment for the brain.
In the past, only a few studies described brain magnetic resonance imaging (MRI) abnormalities in CAH. [1] [2] [3] In a previous Italian study, 1 white matter abnormalities were found in 4 (27%) of 15 cases of CAH. In addition, Bergamaschi et al 4 described a patient who had CAH and multiple sclerosis. 4 To verify these observations and to evaluate possible changes over time, neurological and brain MRIs were repeated in some of the patients with CAH included in the previous cohort, 1 and performed for the first time in other patients with CAH.
METHODS
We studied 22 patients with CAH (13 females, 9 males; mean age at first examination, 19.9 years; age range, 16-25 years). Congenital adrenal hyperplasia was related to 21␤-hydroxylase deficiency in all patients. The diagnosis was also confirmed in 14 patients by the detection of a CYP21 gene mutation on chromosome 6.
Nineteen patients were classified as having the classic clinical form of CAH-7 had a simple virilizing subtype and 12 had the more severe salt-wasting subtype. Three patients had a nonclassic late-onset form. None of the patients was treated in utero with corticosteroids.
All patients received a combination treatment of hydrocortisone and fludrocortisone. The average age at onset of glucocorticoid therapy was 10.9 days (range, birth to 6 weeks) for the 12 patients with the salt-wasting subtype, and 2.5 years (range, 6 months to 4 years) for the 10 non-salt losers (ie, 7 patients with the simple virilizing subtype and 3 patients with the late-onset form). All patients with CAH gave their informed consent to participate in the study and underwent neurological examination and brain MRI.
Ten patients were studied for the first time. Twelve patients were already included in a previous study 1 and repeated MRI assessment after a mean interval of 11 years (range, 10.6-11.4 years); we just included those patients reachable again, without specific selection criteria. Brain MRI was performed using a 0.5-T scanner (Philips Gyroscan NT; Philips Medical System, Best, the Netherlands). In the case of repeated examinations, we used the same scanner. Sagittal T1-weighted sections, axial proton density T2-weighted sections, and coronal turbo spin-echo T2-weighted and fluid-attenuated inversion recovery (FLAIR) sections were used.
White matter abnormalities, defined as areas of increased signal intensity on intermediate and T2-weighted sequences, were evaluated by 2 expert neuroradiologists (M.G.E. and C.U.). White matter changes on MRI were defined with a visual rating scale using a simplified scale. 5 White matter changes were defined as diffuse if visible as ill-defined bilateral hyperintensities on both T2-weighted, proton density and FLAIR images. Focal lesions were defined as well-defined areas of hyperintensities on T2-weighted, proton density and FLAIR images and spatially distributed considering the deep white matter, the subcortical areas, the corpus callosum, the basal ganglia, and the infratentorial location.
RESULTS
Patients with CAH had no history of neurological symptoms. Neurological examinations revealed tendon reflexes asymmetry in 3 patients and mild vibration impairment in 1 patient. Clinical and MRI findings are summarized in the Table. Ten patients (45%) had white matter abnormalities: only diffuse in 4 cases (Figure 1) , only focal in 3 cases, and both diffuse and focal in 3 cases. Focal abnormalities were periventricular and paraventricular; an exception was made for an abnormality located in corpus callosum (Figure 2) .
Among the 12 patients who had 2 MRIs, 7 (58%) showed abnormalities on the first MRI (2 diffuse, 3 focal, and 2 both focal and diffuse), which were unchanged on the second MRI. The 5 patients with a normal MRI on the first assessment had no abnormality on the second assessment.
We looked for possible correlations between MRI findings (normality, diffuse abnormalities, focal abnormalities) and clinical features (sex; phenotype: simple virilizing subtype, salt-wasting subtype, or late-onset form; duration of the disease; and time of treatment), performing univariate (Fisher exact test) and multivariate analyses (logistic multiple regression). No significant relationship was detected.
COMMENT
Congenital adrenal hyperplasia is an interesting natural model for studying interactions between hormone networks and the brain. Patients with CAH, indeed, can be overexposed to corticotropin, 17-hydroxyprogesterone, and androgens and underexposed to cortisol and aldosterone, before and after birth. Our findings, obtained from patients with CAH, part of whom had a long-term followup, indicate that brain white matter is frequently, subclinically, and steadily affected.
White matter involvement might be due to the hormonal imbalance during brain maturation. Glucocorticoids inhibit the proliferation of oligodendrocyte precursors, 6 while hydrocortisone exerts a trophic effect on glial cells 7 ; therefore, the imbalance of these hormonal factors during oligodendroglial differentiation might influence the myelination process. 8 Corticosteroid treatments could also contribute to white matter abnormalities. Sometimes, patients with CAH require supraphysiological doses of glucocorticoid to adequately suppress adrenal androgen production. 9 Exogenous glucocorticoid replacement cannot precisely mimic the natural circadian variation of cortisol secretion 10 ; under these conditions, high-dose glucocorticoid levels could interfere with normal myelination.
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Some of the white matter abnormalities could also be interpreted as microangiopathic damage. In this regard, aldosterone could have a relevant role, being one of the major stimulators of collagen synthesis and fibroblast proliferation via activation of local mineralocorticoid receptors. Aldosterone is synthesized de novo in the brain and could play a direct local regulatory function on the cerebral arterial structure. 12 Therefore, aldosterone deficiency in CAH could lead to subclinical cerebral ischemia.
Six patients with CAH had focal white matter abnormalities that were located in the periventricular region and in the corpus callosum. Similarly, some patients with CAH described by Nass et al 2 showed white matter lesions, with localizations that were typical of demyelinating diseases (located in the corpus callosum and cerebellum). In addition, we have described in 2004 a patient whose condition was diagnosed at birth as the saltwasting subtype of CAH in whom relapsing-remitting multiple sclerosis developed. 4 The fact that a susceptibility locus for multiple sclerosis is in the HLA region that comprises the CYP21 genes suggests a possible genetic link between multiple sclerosis and CAH. Anyway, our follow-up data indicate that white matter abnormalities, when present, never modified up to 10 years, and that no MRI abnormality appeared after a first normal examination. Thus, we could argue that white matter involvement is not an expression of an evolutional pathology (as expected in multiple sclerosis), but could be a precocious and stable event, as further supported by normal MRIs in the 3 patients with the late-onset form.
To summarize, subclinical brain white matter involvement is frequent in CAH. It could be the consequence of a combination of multiple events due to hormonal imbalance and corticosteroid treatment. It is also presumable that these events occur early and affect the brain's physiological development. Finally, a possible link with demyelinating diseases must be considered.
More extensive studies are required to better define the relationships between brain involvement and different CAH phenotypes and treatment regimens. However, our findings could already improve clinical practice. It is quite common to meet young persons with brain MRI white matter abnormalities who do not have the corresponding neurological signs and symptoms. In these cases, MRI findings often remains inexplicable. Sometimes diagnoses of suspected demyelinating disease or of cerebral microangiopathy of unknown cause are made. Hence, neurological and instrumental assessment and follow-up are planned, without upgrading the diagnostic explanation. In these persons, a suggestion of CAH should be considered as well as the fact that carrier frequency of CAH in the general population has been estimated to be up to 9% in 2005. 13 Accordingly, appropriate information about linear growth, sexual development, and reproductive problems should be recorded and, if the diagnostic suggestion is clinically substantiated, hormonal tests should also be performed. 
